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ABSTRACT 
 
This paper present a case studies to highlights the importance of renewable 
and sustainable material to develop a bio lubricant. A research has been done 
to study the low temperature performance and to investigate the low 
temperature tribological performance of the palm kernel oil with addition of 
different percentage PPD (5w%, 10wt%, 20wt% and 30wt %) according 
ASTM D4172.  The main analysis that been done in this research are low 
temperature performance ability of blended PKO, coefficient of friction 
(COF), wear scar diameter (WSD), surface roughness and surface profile. The 
result of the experiment show that for low temperature performance, PKO with 
20wt%PPD (A2-20%) and 30wt%PPD (A2-30%) show great performance 
which can withstand lower temperature (15℃). Under low temperature test 
tribological performance the coefficient of friction (COF) is increase as the 
starting temperature is lower with A2-30% has the highest COF. For wear 
scar diameter it can see that palm kernel oil having high wear scar compare 
to A2-5%, A2-10%, A2-20% and A2-30%, the trend shows that adding PPD 
successful improve the lubricity performance in terms of wear scar diameter. 
The low starting temperature slightly has effect the lubricity performance in 
terms of surface roughness. At 75˚C the surface roughness is decreasing from 
A2-5% to A2-20%. Abrasive wear was the dominant wear mechanism for all 
sample at all starting temperature and a few adhesive wear were spotted at all 
test. 
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1 Introduction  
 
Lubricant is very important in tribological performance in reducing the wear 
and friction. For better understanding the characteristic effect wear and friction 
between two moving surfaces, the researchers need to investigate and study 
the reaction and the fluid present between the moving surfaces. Under 
boundary lubrication conditions, a sufficient protective lubricant film on the 
rubbing surfaces plays a main role in the construction of lubricant film layer 
and controlling the wear behaviour of the test system [12][28]. According to 
Castro et al., (2005) load can affect the tribological characteristic of the 
lubricant. Nowadays many researcher is trying to develop new lubricant 
especially biolubricant to meets the demands of current machinery. 
The depleting trend of conventional, non-renewable has triggered research 
and development on alternative renewable energy. Vegetable-based oil 
products are one of the most promising sources of renewable energy in this 
century [10][21].  In terms of biodegradability vegetables oils has better 
properties compare to the mineral oil. Attention has been focused by many 
party to develop vegetable oils as an industrial lubricant and also biodiesel 
[19]. 
Nowadays the increasing concern of biodegradability product has impact to 
the increase of interest in using vegetable oils as a lubricant in industry as 
proposed by Golshokouh et al., [9]. Vegetable oils is unique because some of 
its properties cannot be found in the mineral oil, with a lot of possibilities [15]. 
Campanella et al, [4] stated that the increase in the use of petroleum-based 
products has caused the progressive depletion of the world reserves of fossil 
fuels and there are also concerns on their environmental impact. Many 
researchers, such as Erhan et al, [8], and Zulkifli et al, [30] agree that most of 
the lubricant nowadays are hazardous to the environment and cannot be 
dispose after use. 
According to Jabal and friends, The advantages of using vegetable oil as a 
lubricant compare to other type of lubricant is they are less toxic and more 
important they are biodegradable [2][16]. Vegetable oils also a renewable 
source that easily to reproduce compare to the mineral based oil. Because of 
the high molecular weight of its triglyceride molecule, vegetable oil has a very 
low volatility. Vegetable oils also possess a good lubricity due to its polar ester 
groups that able to adhere to metal surface [4][8]. Having a high flash and fire 
point also one of the vegetable oils advantage, because of these properties 
vegetable oils is very suitable to be used in applications where fire or explosion 
has a possibility to propagate [6]. Zulkifli and friends state that the vegetable 
oil has a high viscosity index, which should be high enough to maintain the 
lubricating film thickness, and low enough to make sure that the oil can flow 
through all the engine parts. Besides that vegetable oil also has superior 
anticorrosion properties due to its metal surface affinity [24] 
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Low temperature performance is one of the weakness using vegetable oils to 
be a bio lubricant [14][23]. Vegetable oil become poor flow properties when it 
exposed to a lower temperature and become cloudiness and solidified upon a 
long term exposure [22]. Deliberate modification of the chemical structure of 
vegetable oils is a sound alternative to allow their direct use as lubricant base 
stocks [4][17]. 
Palm oil has been tested by several researchers for different engineering 
applications. Syahrullail and his colleagues investigated the characteristics of 
palm oil as a metal forming lubricant [25[26][27]. Besides that, palm oil was 
also investigated to be used as diesel engine and hydraulic fluid as proposed 
by Bari and Wan Nik respectively [1][29]. There are four major groups of palm 
oil that were investigated by the researchers around the world, namely 100% 
palm oil as a test lubricant [18][28], Uses palm oil as additives [5], Uses palm 
oil with additive [7] and Uses palm oil emulsion [11]. All of the research 
proved and found out that palm oil shows satisfactory results and has a bright 
future to be used widely in engineering applications. There is no argument on 
the performance of palm oil as lubricant. It has also been proven that palm oil 
has good performance in term of lubrication and has the potential to reduce the 
dependency on mineral based oil lubricants.  
This research is to investigate the effect of the various percentage (w/w %) 
of pour point depressant (PPD) to the coefficient of friction and wear 
performance of the refine palm kernel oil (RBD PKO) under low starting 
temperature using four ball machine. The RBD PKO is a refined palm oil 
product that is solid at room temperature. The bench mark for the test is using 
mineral oil and also RBD PKO without PPD. The experiment is conducted 
following the standard ASTM D4172.   
 
 
Figure 1: Schematic diagram of four ball tribotester 
 
 
 
2. Experimental method  
Aiman.Y and Syahrullail, S. 
 
145 
 
 
 
2.1 Apparatus  
Four ball tribotester machine was used to conduct the experiment as shown in 
Figure 1, the machine is used to investigate the characteristic of the lubricant 
properties and the wear (Boelarge, 1993). The machine test is using four ball, 
where three balls at the bottom that is held by a ball pot and one at the top that 
held by the collector as shown in Figure 2. The lubricant is put at the ball pot 
together with the three ball, and the ball pot will press upward against the top 
ball that will rotate to a desired level of speed. 
The important component of the experiment such as collect, oil cup assembly 
and ball bearing must be washed with acetone before been used to test it. 
 
2.2 Lubricants  
The based lubricant used were palm kernel oil. Malaysia has successful 
develop the refine of palm oil and one of the product id RBD palm kernel oil. 
RBD is means refine, bleaching and deodorised, which means that this oil has 
gone through a purifying process to vanish the unnecessary fatty acid and 
odour. Then it has also gone through a fractionation process to extract the palm 
kernel oil. 
 
Table 1: Percentage of PPD in palm kernel oil and mineral oil 
 
SAMPLE PPD PERCENTAGE (%) 
PKO 0 
A2-5% 5 
A2-10% 10 
A2-20% 20 
A2-30% 30 
 
The lubricant used for this experiment were RBD palm kernel oil and RBD 
with addition of PPD (5, 10, 20 and 30%w/w). The PPD (A2) used were 
distribute from HB Laboratories. PPD is based on Alpha-olefin copolymer 
with heavy aromatic naphtha as it’s based. The PPD is used to reduce the pour 
point of the RBD palm kernel oil. The result obtain will be compared to the 
mineral oil as a benchmark. For every test of the machine, 10ml of sample will 
be used. 
 
2.3  Low temperature ability of lubricants evaluation 
Low temperature ability of lubricants are evaluated by using method of cooling 
the lubricant at certain temperature in the refrigerator for 1 days. Before 
lubricant are kept in the refrigerator, all lubricants are heating to 30 ℃ to ensure 
all lubricant in liquid state. Then all lubricant are kept in refrigerator with 
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initial temperature set to 25℃. Temperature are dropped with interval 5 ℃ for 
each temperature drop 
 
2.4 Test procedure 
The test procedure will be follow the ASTM D4172 standard. Below the test 
condition for lubricity test using four-ball tribotester machine [38][39] 
 
Table 3: the test condition 
 
Starting Temperature 75˚C, 20˚C and 15˚C 
Speed   1200rpm 
Duration 60min 
Load 40KG 
 
For the test of wear scar diameter and also the CCD image. We need 
to use the specific CCD microscope and also measure the diameter using 
specific measurement soft wear. All of the test must be save for the result and 
the discussion. 
 
3.0 Result and Discussion  
 
The impacts of RBD palm kernel oil blended with PPD was examined and also 
characterised. The test results will show the performances of RBD palm kernel 
oil that blended with PPD in term of WSD, COF and also surface profile that 
will compare to pure RBD Palm Kernel Oil) 
 
3.1 Lubricant Density and Kinematic Viscosity evaluation 
The density test for all lubricants used in this research are tabulated as in Table 
3.1. ASTM D1298 – 12b method is used to determine the density of the 
lubricant at the temperature of 25°C 
 
Table 3.1: Density for All Lubricant Used in Research 
Lubricant Density @ 25°C, kg/cm3 
Palm Kernel Oil  0.91 
A2-5%  0.915 
A2-10% 0.915 
A2-20% 0.92 
A2-30% 0.92 
 
For viscosity test method, viscometer rotor is used to evaluate its fluidity by 
turning the rotor at fixed rotated speed and at the same time lubricant is heated 
until 100 ℃. The kinematic viscosity of tested lubricants are shown in Table 
3.2. The viscosity index is calculated based on ASTM D2270 
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Table 3.2: Kinematic Viscosity of Tested Lubricants at Selected 
Temperatures 
 
Temperature 
(˚C) 
Kinematic Viscosity (mm2/s) 
Palm 
Kernel 
Oil 
A2-5% A2-10% A2-20% A2-30% 
25 45.77 38.8 37.01 35.8 29.8 
35 38.48 32.86 30.58 29.01 22.6 
40 35.36 29.71 27.85 26.6 24.25 
75 20.17 21.17 18.97 12.7 11.54 
100 11.24 13.98 13.00 11.9 10.97 
Viscosity 
Index 
329.9 484.89 484.955 469.004 478.873 
 
3.1 Low Temperature Ability Observation of a Lubricants 
Palm Kernel oil, A2-5%, A2-10%, A2-20% and A2-30% are heated to 30˚C in 
order to remove the wax crystallize and then the temperature is lowered (25˚C, 
20˚C and 15˚C) for one day to observe the capability of the sample to withstand 
in a lower temperature.  
 
Table 3.3: Effect of PPD to the RBD PKO for different percentage of PPD 
on its pour point 
 
Sample Blend ratio (wt/wt) Solid Phase 
Temperature 
(˚C) 
RBD PKO PPD 
RBD PKO 100 0 25 
A2-5% 95 5 20 
A2-10% 90 10 20 
A2-20% 80 20 15 
A2-30% 70 30 15 
 
From the result obtain we can see that at 25˚C the PKO liquid start to fully 
solidified, this show that the pour point of the pure RBD PKO cannot withstand 
at lower temperature without modifying it or adding any additive. At 15 ˚C, all 
sample PKO, A2-5%, and A2-10% were completely solidified except for A2-
20% and A2-30% where the sample behave a liquid form but in waxy form 
3.2 Coefficient of friction 
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The coefficient of friction is presented in figure 3.1 for sample pko, A2-5%, 
A2-10%, A2-20% and A2-30% at its liquid phase. From the data obtain it 
shows that the coefficient of friction is increasing as the temperature decrease 
for all sample. Adding the PPD will slightly increase the COF and A2-30% 
has the highest value of the COF for through the entire starting temperature. 
The increasing in COF is influenced by the sample kinematic viscosity, higher 
in kinematic viscosity will produce lower COF for each of the sample lubricant 
that been test. This is supported by (Minami I, 2009) [32]. 
 
 
Figure 3.1: Coefficient of friction (COF) 
 
According to Clark et al., [37] viscosity of the fuel decreases with increasing 
of temperature. Another possible interpretation given by Masjuki et al., [35] is 
that the lower boundary effect and/or breakdown of boundary lubrication is 
due to the lower viscosity. According to Sharma et al. the fatty acid chain are 
adsorbed to metal surfaces, thus permitting monolayer film formation with the 
hydrocarbon end of fatty acids oriented away from the metal surface. The fatty 
acid chain thus offers a sliding surface that prevents the direct metal-to-metal 
contact. 
Masjuki et al.,[18] stated that the lower boundary effect and/or breakdown 
of boundary lubrication is due to the lower viscosity. According to Sharma et 
al. the fatty acid chain are adsorbed to metal surfaces, thus permitting 
monolayer film formation with the hydrocarbon end of fatty acids oriented 
away from the metal surface. The fatty acid chain thus offers a sliding surface 
that prevents the direct metal-to-metal contact. 
 
3.3 Wear Scar Diameter 
From this research point of view, the lubricity performance of an oils can say 
are good when it can have lower value of wear scar diameter. Figure 3.2 
illustrates the average wear scar diameter for pko, A2-5%, A2-10%, A2-20% 
and A2-30% at its liquid phase. Although adding the PPD will increase the 
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COF, but in terms of WSD adding PPD has also reduce the scar of the ball 
when compare to pko. In general we can see that the WSD is increase as the 
starting temperature is lower. However the result obtain is opposed by 
Maleque et al.,(2000) [34] that state at higher wear will produced at higher 
temperature  
 
 
Figure 3.2: Wear Scar Diameter (WSD) 
 
Test on starting point 75˚C shows adding PPD reduce the WSD with A2-
30% has the lowest WSD. The WSD test on the 20˚C and 15˚C is increase for 
all sample, this shows low temperature performance is reduce when exposed 
in lower temperature. This is maybe due to the chemical attack on the rubbing 
surfaces of fatty acid as proposed by Bowden & Tabor, (2001) [36]. Lower in 
WSD at higher temperature also stated by Masjuki and Maleque (1996) [35] 
claimed that this phenomenon could be related to the thinning of the fatty acid 
thin film, which acts as an effective barrier against metal-to-metal contact. 
From the figure 3.2 the wear scar diameter at 20ºC shows that sample with 
30% PPD has the lowest wear scar diameter (0.5127mm) and sample with 5% 
PPD shows the highest value of the wear scar diameter (0.5254mm), the graph 
trend shows adding PPD will reduce the wear scar diameter at this temperature. 
However at 15°C temperature the value of sample with 20% PPD (0.5199mm) 
has lower wear scar diameter compare to A2-30% (0.5227mm).  
 
3.4 Surface Roughness 
Figure 3.3 shows the relationship of starting temperature with the surface 
roughness for pko, A2-5%, A2-10%, A2-20% and A2-30%. The grooves on 
the surface of ball bearing will affect the surface roughness value, where the 
smooth surface roughness has a shallow grooves. From the graph plotted the 
value of surface roughness is increasing as the starting ting temperature lower. 
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From the data obtain the value sample with 20%PPD has the lowest surface 
roughness at 20ºC (0.116) and A2-5% has the highest roughness that is 0.138, 
this shows that the sample that can maintain its liquid phase at lower 
temperature can help in reducing the surface roughness of the sample at low 
temperature test. The sample with 30% PPD shows increase in surface 
roughness compare to sample with 20% PPD at all low temperature test, 
although the sample has successfully withstand at 15°C low temperature 
lubricity test, but the increasing in PPD percentage in sample will reduce the 
present of the fatty acid inside the palm kernel oil that can help the lubricant 
to improve the lubricity performance as proposed by Lawal et al., (2008)[40]. 
 
Figure 3.3: Surface Roughness 
 
3.5  Worn Surface Characteristic  
Figure 3.4, 3.5 and 3.6 shows the representative wear scar for all sample at 
different starting temperature test. At starting temperature 75˚C it clearly 
showed that the WSD is decrease as PPD percentage is increase. At 20˚C 
starting temperature A2-10% has the highest WSD compare to other sample 
and when observing 15˚C starting temperature, A2-30% is higher WSD 
compare to A2-20%  
From figure 3.4 with all sample at high temperatures, the lubricant chain 
started to break down and metal-to-metal contact occurred. In addition, the 
wear particles that existed between the mating surfaces of the ball bearing 
caused adhesive wear. But at A2-30% there is no major adhesive wear occur. 
At a low working temperature, a thin lubricant film with parallel grooves 
formed to prevent metallic contact and create smooth surface regions. Some of 
the grooves were deep and the others were shallow grooves in between. In this 
region, abrasion was seen as the dominant wear mechanism. At a high working 
temperature, the thin lubricant films were broken and adhesive wear appeared 
to be predominant. 
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Figure 3.4: Starting temperature 75˚C 
 
 
 
Figure3.5: Starting temperature 20˚C 
 
 
 
Figure 3.6: Starting Temperature 15˚C 
CONCLUSION 
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The tribological performance of sample pko, A2-5%, A2-10%, A2-20% and 
A2-30% was evaluated using fourbal tribotester at different starting 
temperature. The finding can be summarized as follows 
1. Low temperature test shows that adding PPD has successful improve 
the palm kernel oil low temperature performance with A2-20% and 
A2-30% can withstand lower temperature (15˚C) compare to A2-5% 
and A2-10% (20˚C) 
2. The coefficient of friction is increase as the starting temperature is 
lower for pko, A2-5%, A2-10%, A2-20% and A2-30%. A2-30% has 
highest coefficient of friction value through the entire test. 
3. For wear scar diameter it can see that palm kernel oil having high 
wear scar compare to A2-5%, A2-10%, A2-20% and A2-30%. In 
general the wear scar also shows increasing trend as starting 
temperature is lower. At 75˚C the trend shows that adding PPD 
successful improve the lubricity performance in terms of wear scar 
diameter 
4. The low starting temperature slightly has effect the lubricity 
performance in terms of surface roughness. At 75˚C the surface 
roughness is decreasing from A2-5% to A2-20% 
5. Abrasive wear was the dominant wear mechanism for all sample at 
all starting temperature and a few adhesive wear were spotted at all 
test 
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